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atom ; and is so small that he was led to believe it to be an 
atom of resinous electricity unloaded with ponderable matter. 
It is also very interesting to know from J .  J. Thomson's 
experiments and from a continuation of them by H. A. 
Wilson *, that the virtual mass of the particles of the torrent 
from the kathode, was the same whether the metal of the 
kathode was almninium, platinmn, copper, iron, lead, silver, 
tin, or zinc. This strongly corroborates Thomson's original 
conclusion that Var ley 'st  "attenuated particles of matter 
"projected~'om tl, e negative pole by electricity in all directions," 
are atoms of resinous electricity. 
w 12. It  is very much to be desired that careful experiments 
with the very highest obtainable vacuum should be made to 
ascertain the greatest steady, measured, difference of poten- 
rials; that can be maintained with or without any measurablo 
electric current between two metals separated by a very short 
length of vacuous pace. 
LI I .  On the Stretching and Torsion of Lead Wire beyond 
the Elastic Limit. .By Prof. TROUTO~, F.R.S., and 
A. O. RA~KISE $. 
[Plates XIV. & XV.] 
T HE behaviour of wires or rods when stressed longitu- dinally or torsionally beyond the elastic limit is of a 
complicated nature. The general character of the effects 
observed on the application of such a stress is as follows. 
First there is the immediate ffect followed by an increase 
with time. The latter initially may be considerable, but 
gradually diminishes with time to what appears to be a small 
constant amount. I t  is convenient to refer to the first as the 
primary strain, to the final constant rate as the viscous flow, 
and the remaining intermediate eff ct as the secondary strain. 
What follows refers mostly to the secondary strain. 
The method of procedure in investigating this question 
has apparently always been to apply a constant stress and to 
observe the rate of change in the resulting strain. Or after- 
wards to remove the stress and examine the rate of recovery. 
This method has been adopted for instance in the investigation 
of torsional strains in wires. We also have used it, but  in 
addition we have used the method in which a constant strain 
* ,,H" A. Wilson,. Proe. Camb. Phil. Soe.' x,." p. 179 (1901). 
# Some Experiments on ~he Discharge of Electricity through Rarefied 
Media and the Atnmsphere," by Cromwell Fleetwood "Varley, Proc. R. S. 
Oct. 5, 1870. 
~: Communicated bythe Authors. 
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is produced and the rate of change ill the stress required tbr 
preserving it observed. We have not so far made experi- 
ments on the rate of disappearance of' the stress after the 
obliteration or forcible removal of the strain~ the c:tse 
corresponding to the recovery from strain on the remowfl of 
the stress referred to above. 
The investigation of the changes in the stress of an over- 
stretched or over-twisted wire when the strain is kept con- 
stant would appear to be fundamental. Here the movements 
which have to be considered can only be of the nature of 
interlml rearrangements of the particles~ the nmterial on the 
whole never changing its position. 
The experiments which we have made nmy be divided into 
three p'trts. First, a determination f the rate of decrease of 
the restoring couple on a wire kept tivisted through a con- 
stant angle. Second, a determination of the decrease of 
longitudinal stress in a wire kept at constang length. Third, 
a determination of the rate of stretching under a constant 
force and the rate of recovery on removing the force. 
1. Rate of Dec~'ease of Couple in a Wi~e kept twisted 
through a Constant Angle. 
A copper od was soldered to each of the ends of a lead 
wire about 1 m. long and 1 ram. in diameter. It was then 
suspended, the top copper rod being fixed. The lower one 
was made T-shaped for the application of a couple. It was 
necessary tohave some means of keeping the wire accurately 
twisted through afixed angle. The angle of twist was for th{s 
purpose observed by aid of a lamp arid scale and a mirror 
attached to the lower rod. The couple was applied by n~eans 
of the apparatus A A (fig. 1, p. 540), which simply consisted 
of weights hung from the points CO, which could be pulled 
aside by horizontal fibres fastened to the arms DD of the 
rod at the end of the wire under test. The couple is very 
approximately proportional to the deflexion of the points BB 
on the scale. As the restoring couple in the wire diminished 
further twisting began to take place, and the angle of twist 
was kept constant by moving the stands AA inwards, thus 
reducing the applied couple. The rod E was kept in a fixed 
position by means of the wire F passing through a small 
circular hole (but not touching the sides), and by always 
moving the stands AA in such a manner as to keep the wire 
F always central in this hole. 
Owing to the necessity of fastening the fibres on to DD 
after twisting, it was impossible to read the value of the 
couple immediately after twisting, and the first reading was 
540 Prof. Trouton aml ~Ir. Rankine :
c ~._ 
~~yc ~lz I1" FZSHE 
Jo~n 
.,4 
Fi,_,.. 1. 
,$'tretcld~!] and 
C 
EflRI~OR 
SILK FIBRE F ~,.u AM 
D 
FIBRE 
",4 
F~g. 2.--Decrease of Couple when kept at Constant Twist. 
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taken 3"3 minutes later. The amount of the twist was 360 ~ 
and the couple was measured as the mean of the two de- 
flexions on AA. The curve obtained is shown in fig. 2, and 
to it was fitted the equation 
G=28"3- -  12"9 log t, 
where t is measured in horn's and G in divisions of scale. 
The values obtained from this equation are given in the last 
eo lmlm.  
Time. 
h nl 
1 15 
1 18'3 
1 22"5 
1 26"4 
1 31'0 
1 36"7 
1 41'1 
1 46"5 
1 51"7 
1 56"5 
2 5"6 
2 16-8 
2 29'7 
2 39"8 
3 1'8 
3 18~2 
3 46"7 
4 20"5 
lNext d~y 
9 44 
153 
4 6 
t 
(in hours). 
0 
0055 
0"125 
0'190 
0"267 
0"361 
0"435 
0"525 
0"611 
0 691 
0"843 
1 "03 
1"24 
1"41 
1'78 
2"05 
j 2-53 
3.09 
20"48 
24"6 
26"8 
DEFLEXIONs, 
I. (zero= +0"5). I I .  (zero = +0"5). 
Reading. Corrected. Reading. Corrected. 
45"0 
4] '2 
39"1 
37"2 
35'6 
34"4 
33"2 
32'2 
31"4 
30"3 
29"2 
28"0 
27"2 
25'7 
24'9 
23"5 
22"5 
9"7 
11"4 
10"7 
44"5 
407 
38~6 
36"7 
35"1 
33"9 
32"7 
31 "7 
30"9 
29"8 
28"7 
27"5 
26"7 
25'2 
24'4 
23'0 
22"0 
92 
10"9 
10"2 
44"0 
40"0 
37"7 
36'0 
34'2 
33"0 
31 "8 
31"0 
30'2 
29'3 
28"0 
26-8 
26"0 
24'7 
23"5 
223 
21"3 
8"5 
100 
9"5 
Mean 
Va|ue 
from 
Equa- 
tlon, 
43'5 44'0 44-, r 
39"5 40'1 400 
37"2 37'9 37"t~ 
35"5 3(;'1 35"7 
33"7 34'4 34"2 
32'5 33"2 33"0 
31"3 32"0 31'9 
30"5 31"1 31'l 
297 303 30"5 
28-8 29'3 29'2 
27"5 28'1 28"1 
26"3 26'9 27-1 
25 '5 26" 1 26 "4 
24"2 24"7 25"1 
23'0 23"7 24"3 
21"8 22"4 23"1 
20"8 21"4 22"0 
8"0 8"6 
9"5 102 10"4 
9'0 9"6 9"8 
With the exception of the reading at 9"44 all these points 
lie very approximately on the curve of the equation given. 
This particular eading is faulty owing to the fact that over- 
night the wire was left under the action of a couple 21"4, 
and became twisted some eight or nine degrees more than 
360 ~ in consequence. On the sudden release to 360 ~ the 
restoring couple appears to be less than would be the case at 
the same time had the twist been kept constant throughout 
the night. The two further readings on the second day, 
during which the wire was again kept at constant twist, are 
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very nearly those that would be expected from the equation 
G= 28"3-- 12"9 log t. 
I f  this equation truly represents the rate of decrease, then 
it would mean that the couple immediately after the twist 
is produced is infinite. It is therefore more probable that 
the curve, if exponential t all, is so to an axis t= -- (a small 
quantity) instead o[ t=0.  It  would be difficult to find the 
actual couple at t=0 as the rate of change is then so great. 
Even at the time of the first reading the rate of change was 
~'ery large, so thnt it was difficult to keep the spot of light 
on the scale stationary. This would tend to make the read- 
tug rather less than the actual couple at the time (as in the 
case of the first reading on the second day). 
As far as the observations themselves go the equation 
appears to very fairly represent the curve, the variation 
being at no point more than 3 per cent. 
2. Rate of ])ecrease of Stress in a Wire kept stretched 
longitudinall~/ at a Constant Length. 
An investigation was made of the rate at which the stress 
falls off in u wire kept stretched at a consCaut length. The 
Fig. 3. 
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small rate of change of the length necessitated seine means of 
magnifying it. A lead wire 240 cms. in length and 1 ram. 
Fig,. 4. 
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in diameter only stretches one inillimetre ill the first 15 rain. 
under the action of a 700 grams weight. The use of au 
optical level: was resorted ~o~ and by baying the telescope 
OPTIE,,qL 
L E MER' 
two metres from it, it was: possible to observe changes of 
length amounting to one-thousandth of a centimetre. It 
was therefore possible to keep the wire at a fixed length 
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very accurately by the continual removal of weight. I t  was 
also necessary to have some means of removing weight with- 
out disturbing the mirror of the optical lever. The r moval 
of weights by hand was found to make the image of the 
scale quite unreadable. To avoid this a tin pot containing 
water was used as the weight and the latter removed as 
required by means of a syphon. This worked very well, as 
there was no visible disturbance of the image when it was 
used. 
In order to eliminate temperature variations the optical 
lever was itself supported by similar lead wires hanging from 
the same beam. The legs of the lever were removed and an 
axle put through its centre, and it was suspended as shown ill 
figs. 3 and 4 (pp. 542,543). This arrangement also had the effect 
of eliminating any yielding there may have been in the beam 
from which the wires hung. The weight of the optical ever 
was only 60 grams~ and this was supported by two wires, so 
that even supposing the rate of stretching was proportional 
to "~he weight to such a low limit, it would in any case be 
very small compared with the rate of stretching of one wire 
under a stress of 700 grams. 
Fig. 5.--Decrease of Stress when kept at Constant Length. 
The cm-ve obtained is shown in fig. 5, and here, even more 
closely than in the first case, an equation of the form 
W =a + k log (t + c) 
fits. The actual equation is 
W=7t3- -159"1 log (t+ 1), 
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where W is measured in grams weight and t in minutes. 
The values obtained from this curve are given in the last 
co lumn.  
tEe .  
m 
45"0 
46"8 
49"3 
52"1 
547 
5o :o 
5"0 
t0"0 
15'0 
25"0 
35"0 
45 0 
00 
15"0 
30-0 
450 
0-r 
t Weight 
(in minutes), removed. 
0 
1"8 
4'3 
7"1 
9"7 
12'5 
15"0 
20"0 
25"0 
30'0 
40'0 
50'0 
60"0 
75 "0 
90'0 
105-0 
120-0 
135"0 
0 
65 ~3 
105"6 
1300 
148"0 
161"7 
173"8 
190'9 
205-6 
217"3 
236'8 
252"0 
265~0 
285 0 
298"6 
3120 
320"8 
329"8 
Value 
from 
Equation. 
713 
642 
598 
567 
549 
533 
488 
476 
457 
441 
429 
414 
401 
591 
382 
374 
Here the variation fi'om the equation nowhere amounts to 
2 per cent. Owing to reasons given before the first reading 
is again faulty, and with this exception the variation is little 
more than 1 per cent. In this case the curve is exponential 
to an axis t-=---1 and cuts the axis t=Ointhe  point W=713.  
I f  the curves had these equations then the couple and the 
stress would vanish after some days, since both the equations 
represent curves cutting the t axis at a finite distance. 
This experiment was afterwards extended to see what 
relation existed between the initial weight a ~nd the constant 
k in the equation 
W=a- -k log  (t + 1), 
or in the derived equation 
dW k 
"dt -- t+ l "  
Initial weights of 600, 500, and 400 grams were used, and 
in each case an equation of the above form approximately 
fits the experimental curve. In fig. 6 the curves are those 
plotted from the equations. 
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Fig. 6.--Decrease ofStress at Constant Length. 
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I f  in each case we divide a by k we get the following 
result : - -  
Number. 
1 ..... 
2 ..... 
3 ...... 
4 ...... 
65. 
716 
597'7 
512 
395 
k. 
--159"1 
--136"5 
--112"6 
-- 88"7 
a 
- -  4"49 
--4"38 
-- 4"55 
--4"46 
I t  will be seen that throughout his range the rate of 
decrease of weight is nearly proportional to the initial weight, 
at equal times from the beginning of the experiment. 
dW 
Fig. 7 represents c~-- plotted against time. The curves are 
dW 0 rectangular hyperbolas with ~lt = ' and t---- - -  1 as asym- 
ptotes. The ordinates at, any value of t are in the proportion 
7 : 6 : 5 : 4 approximately. 
3. Rate of Stretching u~der Constant ,Stress, and Rate of 
Recovery on Release. 
The apparatus used was the same as in Exper iment 2, so 
that the temperature, and yielding of support, effects were 
eliminated. Three determinations were mad% the stretching 
weight being 700 grams applied for 1, 3, and 21 hours 
respectively in the three cases. The curves ( I . - I I I . )  obtained 
are given in Plate X'IV. 
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Results. 
I. During Extension, After Removing Load. 
t 
(in minutes). 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
4(} 
52 
60 
Reading 
on 
Seale. 
2"70 
2 98 
3"12 
3'21 
3-29 
3"37 
343 
3'48 
3"53 
3"57 
3-61 
3-69 
3'78 
3-85 
3"93 
3'99 
4"14 
4"27 
4"52 
4"80 
4"97 
me 
n l  
22 
23 
24 
25 
26 
28 
3O 
35 
40 
50 
O0 
20 
in minutes). 
61 
62 
63 
64 
65 
67 
69 
74 
79 
89 
99 
119 
Reading 
on 
Scale. 
2'30 
2"09 
201 
1-94 
1-90 
1 "83 
1'78 
1 70 
l'f14 
1 '56 
1 "50 
1"43 
II. Stretching. Recovering. 
h 
[1 
[1 
L1 
L1 
[1 
[1 
tl 
tl 
11 
11 
11 
tl 
I1 
11 
12 
12 
12 
12 
12 
1 
1 
2 
2el h 1[| 
10 o 0 
tl 0 1 
L2 0 2 
L4 0 4 
L6 0 6 
L8 0 8 
20 0 I0 
-)5 0 15 
30 0 20 
35 0 25 
~0 03O 
46 0 36 
52 0 42 
58 0 48 
4 0 54 
10 1 0 
22 1 12 
1 24 
1 36 
2 0 
34 2 24 
50 2 40 
10 3 0 
2"74 
9,} 
3"12 
3'29 
3"41 
3'51 
3"60 
3"78 
3"93 
4"07 
4"19 
4"31 
4"44 
4'56 
4"68 
4"80 
5"00 
5"20 
5"39 
5"75 
6"08 
6"29 
6"56 
]1 ]1] 
lO 
l I  
o 12 
2 14 
2 16 
2 19 
2 '~') 
2 i ;  
2 34 
2 46 
3 O0 
h in  
3 0 
3 1 
3 2 
3 4 
3 6 
3 9 
3 12 
3 I8 
324  
3 36 
3 5(} 
3"92 
3"72 
3"62 
3"50 
3"43 
3"35 
3)30 
3"2l 
3"14 
3"05 
2'99 
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I I I .  Stretching. Recovering, 
Time. 
h ll] 
3 25 
3 26 
3 27 
329 
3 31 
3 33 
3 35 
3 37 
3 43 
3 49 
3 55 
Next day 
9 36 
12 12 
12 25 
t. Reading. 
h m 
0 0 2"90 
0 1 3"22 
0 2 3"38 
0 4 3"57 
0 6 3"69 
0 8 3'81 
0 10 3'91 
0 12 4"Or 
0 18 4"17 
0 ~ 4"33 
0 30 4"52 
18 1 l 17"56 
20 47 1936 
2[ 0 1950 
Time. 
h Ill 
12 25 
12 26 
12 27 
12 28 
12 31 
12 34 
]2 37 
12 43 
12 49 
l 1 
1 25 
i 46 
2 37 
t. Re~ding. 
h m 
21 0 16"80 
21 1 16"57 
21 2 16"48 
21 3 16"41 
21 6 16"29 
21 9 16"20 
21 12 16'14 
21 18 16"05 
21 24 15"98 
21 36 15"87 
22 0 15"74 
22 21 15"67 
23 12 15"50 
In  all three cases the wires were stretched from zero on 
the scale, and the variation in immediate extension (2"70, 
2"74, 2"90) may probably be account/ed for by the wires 
being in slightly d~fferent states of extension at the beginning 
of the determinations. 
I t  will be noticed from the curves :~ 
(1) That the immediate or prinlary recovery is in each case 
practically equal to the immediate or pr imary stretch. 
(I. 2"70, 2"67 ; I I .  2"74, 2"6t;  I I I .  2"90, 2"70.) 
(2) That after the first hour the curve of extension with 
time is pr~cticaliy ,~ straight line, and points to a purely 
viscous flow. 
(3) That after release the curves in all three cases are of 
the same shape, and practically coincide if superposed. 
I t  therefore appears that either all the energy is s~ored 
within the first hour, or that after that time the rate of loss is 
equal to the rate of gain of energy. The immediate or 
pr imary stretch is apparently purely elastic, since tile wire, if 
stretched and released, practically returns to its original 
length. This elastic property is retained throughout, since 
the pr imary recovery is constan~ and independent of the time. 
Then follows what appears to be a stretch partly elastic and 
part ly viscous, and after a certain time the stretch is purely 
a viscous few, indicated by the curve being a straight line. 
The gradual or secondary recovery which takes place on 
removal of the load is apparently in correspondence with ~hat 
part of the gradual stretch which is non-viscous--the 
secondary strain. 
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Rate of Disappearance of P~imary Recovery under Constant 
Strai~, 
Fig. 8 shows the primary recover)" at different imes, the 
wire in the intervals being maintained at constant length. 
Fig. 8.--Constant Length. 
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No great accuracy could be expected since the loading and 
unloading could not be performed very quickly, for a reading 
had to be taken in the meantime. It will be seen, however, 
that the curve of recoveries is of the same type as the 
decrease of load curve, indicating that the behaviour of the 
wire follows a modified Hooke's Law, i. e. the primary re- 
covery at any time is proportional to the weight then o21. 
The second part of the curve shows the rate of recovery on 
the final removal of the whole load. 
Arrangement for automatically keeping an Overstressed 
Wire at Constant Length. 
In order to discover whether it is necessary to remove the 
whole load from a wire kept at constant length within a 
finite time (which would be the ease if the empirical equation 
given before were true), and at he same time to remove the 
weight more accurately than could be clone by hand, a 
method was devised for automatically performing the ex- 
periment. The essence of the method is that contact between 
the wire under test and a plate kept in a constant position 
(except when necessary tocompensate for temperature effect) 
electrically opens a valve which removes a small portion of 
the load ; this removal causes the wire to break contact by 
receding a very small distance. The load on the wire 
gradually stretches it again until contact is once more made, 
and this process then repeats itselL 
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Fig. 9 is a diagram of the apparatus. As before, water 
is urCd as the load, but in this case it is necessary that the 
whole weight on the wire should ultimately be removed. 
Fig. 9. 
The vessel B which is suspended from A (the wire under 
test) is therefore placed on one pan of the balance C, and 
weights rather more than the weight of the vessel are placed 
in the other pan. The pull on the wire A at any time is the 
difference between the weight of B and the water it contains 
and tile weights on the other pan of thebalance. The whole 
of the weight on A can theretbre be removed if necessary by 
means of the syphon. 
F is a brass plate (shown on a larger scale in fig. 10), 
suspended at its corners b by three lead wires. Its weight is 
10 grams, so that the tension in each wire is 3"3 grams. The 
piece P is not fixed, but can be unscrewed at c c leaving the 
hole Q open. E, a piece of brass soldered to the end of 
the wire under test, passes through the hole Q, and then P 
is placed through 0 underneath the point a. The point is of 
platinum, and P is a flat piece of brass covered with platinum 
foil. These two form the contacts, and it will be seen that 
the point of contact is on the axis of A (fig. 9). 
As it requires 0"2 ampere to work the electric valve DKL, 
it is necessary to introduce relays R a and P~ to reduce the 
current between E and F to "002 ampere, so tha~ making and 
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breaking the contact may occur for very snmll changes 
of length. The temperature effect was eliminated by the 
use of the plate suspended by lead wires, as in the previous 
experiments. 
Fig'. ]0. 
E F 
b b 
~Now let E and F be not in contact, the pull on the wire 
stretches A until they come into contact. As soon as this is 
the case, the first relay R, is brought into action, and this in 
turn causes relay R2 to act. A current flows in the electro- 
magnet D, and the knife-edge K is raised one or two milli- 
,netres. Now K has been pressing on a piece of rubber 
tubing and preventing water from syphoning from B. When 
it is raised, water runs off from B, and E rises, breaking 
contact. Immediately the weight L pulls K down into its 
former position, and water ceases to flow. The intermittent 
action of the valve K causes E to be always just on the point 
of contact with F. In other words, the wire A except for 
temperature effects remains the same length throughout. 
To record the way in which the water comes off, it is run 
into a second vessel T, which is suspended from the spiral 
spring S. A lever is fixed to the spring at M and turns over 
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a fulcrum U. At the other cud of the level, is a penV, 
which draws the curve on the drum W which revolves once 
in 2t  hours. The length WU is abou~ three times UM. 
On the surface of the water both in B and T, a layer of oil 
is placed to prevent evaporation. 
The curves drawn by the pen were found to be smooth 
during the first 24 hours or so, but after that, when the pull 
on the wire became very small, the test of accuracy was too 
severe and the curve is not to be depended upon further than 
to give the character of the phenolnenon. Curves VI I I .  and 
IX.  (P1. XV.) are traced from the actual drawings of the pen. 
In the first case the original weight was 500 grams, and in the 
second 250 grams. The first experiment proceeded five days, 
when all but about 18 grams had been removed and more 
was still being removed. In the case of the initial weight of 
250 grams, after ten days all but 5 grams had been removed 
and the process had stopped. It is possible therefore that 
the whole is not removed within a finite time, and the 
equation before given fails when the time is greater than a 
few hours. One would expect he curve to be asymptotic to 
the final weight removed. A curve of the type 
W = a log (pt + 1), 
where W is the weight removed, fits VI I I .  very well during 
the first few hours, but there is an increasing departure from 
it as the time increases. The same applies to curve IX. 
But if the equation be slightly altered to the form 
W=a log t ,/t +- l J '  
where ,] is so small that it has little effect during the first few 
hours but increasing effect with tim% then it fits through the 
whole range and satisfies the end condition, namely, that at 
an infinite time the slope shall be zero and the value of W 
somewhere near 500 grams. 
The equation 
W=2051og { 6"5t+1 
0"0237t + 1., 
fits curve VI I I .  reasonably well. 
When t = 0, W = 0. 
( ~-5 } 
When t = ~,  W = 205 log -( ~ 7  
= 500. 
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The time of stretching was not the same in the two cases ;
in the first about 45 minutes and in the second 135, so that 
no definite correspondence b tween the constants can be 
expected. In the first experiments (those done by hand) the 
removal of the load was proceeded with immediately the load 
had been placed on the wire. In the later experiments the
object was to allow the wire to reach the state of steady flow 
before removing any weight. The wire used in the second 
series of experiments was of rather less diameter than that 
used in the first. 
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No doubt with more care in the determination of the 
constants a,p and q, a closer fitting equation could be obtained. 
There seems, however, to be no convenient method of deter- 
mining them except by trial and error. 
The type of law which fits in with our experiments is 
surprisingly at wtriance with what one would from analogy 
expect, and indeed with what has actually been deduced from 
theoretical grounds. Professor Natanson*, who has thrown so 
much light on the question of overstrain, arrives at the 
- - t  
expression I I=H0e ~ for the stress required to preserve con- 
stant strain, where II  0 is the initial pressure and T, following 
Maxwell, is the time el relaxation r 
Our experiments with lead on the contrary, as we have 
seen, agree so long as the time is small with an expression 
w w lot+ 1 
e ~- -- t + c~ or to remove that restriction e ~--- qt ~ 1" 
All ~he more obvious considerations which suggested them- 
selves have been found to lead to an expression of the 
wrong type. For instance, one may picture the material 
as being composed partly of viscous and partly of elastic 
components interdependent on each other. These may be 
arranged in a variety of ways, which all ultimately lead, 
however, to the wrong form of expression. A model was 
actually constructed on such lines before the true law was 
appreciated. Two thin rubber bands hanging from above 
helped to support a crossbar to which a weight could be 
attached. Between these in the centre, fixed upright on the 
crossbar, was a Iong cylinder filled with a thick eli. A piston 
hung from above by a strong rubber band worked in this 
cylinder :~. 
The action on attaching a weight below is to immediately 
pull out the thick rubber band which carries the piston an 
amount corresponding to the weight put on, the piston for 
instantaneous movements being fixed in the oil, and the 
thin bands hardly affording any help at this stage. As the 
piston slowly draws out~ more and more weight is thrown on 
the thin bands, which accordingly continue to stretch. Ulti- 
mately they carry the ,~.~l~hole w ight. 
* Bulletin de l'Acaddmie des Sciences de Cracow, Oct. 1902, p. 512. 
r Experiments made with pitch show that the above form for the 
law is inadmissible for this substance also. Phil. Mag. vol. vii. p. 347, 
]904. 
~t The weight of the cylinder and oil was eliminated by means of 
balance weights acting by cords over pulleys. 
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[t'hese conditions give for the rate o[ elongation 
p&eit_t_ =Tx_W ~ 1 where P=~ql~)+T j ] ,  ~ being a viscous 
coefficient, p and ~/elastic coefficients, one for the thick and 
one for the thin band. We thus get for the elongation at 
t 
an), moment an expression x = a + b e -:~ . 
This model then gives us an immediate or primary strain 
followed by a slow movement in t ime--the secondary strain. 
To represent the final and uniform viscous flow, in order to 
make the model more complet% one could add say a piston, 
working in a cylinder of oil attached below, the weight itself 
being hung from beneath the cylinder. 
By supposing the bands to be able to support compression 
as well as tension, such a model can give, except in the one 
particular, a complete representation not only for the elon- 
gation curve under constant stress~ but the curve of change of 
stress with time under constant strain. The one particular, 
as we have seen~ is that the curve is an exponential of the 
wrong type. 
From these considerations we are fbrced to conclude that 
the explanation of the phenomenon must be sought for on 
altogether different lines fi-om those based on a mixed viscous 
and elastic action ill the way commonly attempted. 
L I I I .  On the Conductivity of Gases contained inSmall Vessels. 
By GEORGE JAFF~z, Trinity College, Cambridge *. 
I T was shown by (2. T. R. Wilson t that the spontaneous ionization of gases is approximately proportional to the 
pressure, except at high pressures. At the same time the 
relative ionization of different gases is nearly proportional to 
the density of the gas, except in the case of hydrogen. 
As it seemed of interest o try whether this proportionality 
still holds for a gas of very high specific gravity and com- 
plicated structure, like nickel-carbonyl, I undertook, at the 
suggestion of Prof'. J .  J .  Thomson, to measure the spon- 
taneous ionization of this gas. It  was also to be hoped that the 
behaviour of the leak through Ni(CO)4 at different pressures 
in vessels of various sizes would throw some light on the 
part played by the walls of the vessel in ionising the gas. 
The apparatus used was a gold-leaf electroscope, and 
differed only in minor details from that used and described 
* Communicated byProf. J. J. Thomson~ F.R.S. 
t" Roy. Soc. Proc. vol. lxviii, p. 155 ; vol. lxix. p. 277. 
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